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In stenotic lesions of the extracranial carotid arteries, the presence of intraplaque hemorrhage or thrombosed ulceration
is considered to pose an additional risk. Although contrast-enhanced magnetic resonance angiography (MRA) is a
powerful means for looking at the vascular lumen, it provides little information on the vessel wall, particularly whenmask
subtraction methods are used. We report three cases in which the maximal intensity projections obtained from
gadolinium-enhanced MRA source images showed only internal carotid artery stenoses, whereas source images revealed
a focal increased T1 signal in the wall of the internal carotid artery, representing either intraplaque hemorrhage or
thrombosed ulceration. Hence, the physicians interpreting anMRA in an acute stroke patient should not limit themselves
to the synthetic maximal intensity projections but should also always review the source partitions, which can contain
information related to an acute intraplaque accident. ( J Vasc Surg 2006;44:884-7.)Over time, the number of source images that are ac-
quired by using noninvasive angiographic techniques such
as magnetic resonance angiography (MRA) has become
increasingly large. This explains the gain in popularity of
postprocessing imaging techniques, such as maximal intensity
projections (MIPs), that offer an overview of the vascular
anatomy in a few synthetic images.1,2 Such postprocessing
imaging techniques can, however, generate artifacts, and sev-
eral pitfalls have been reported in the interpretation of the
postprocessed images.3,4
This case series addresses one of these pitfalls. Our goal
was to show the usefulness of reviewing the source partitions
of MRA for the in vivo detection of carotid atherosclerotic
plaque hemorrhages, because these can be missed on MIPs.
CASE REPORTS
Case 1. A 77-year-old man with a history of hyperlipidemia and
arterial hypertension and a stroke 4 years before was admitted to our
institution after an episode of presyncope. During this episode, the
patient did not lose consciousness but was unable to move his right
arm and leg. He also noted a gradual left monocular change in his
vision, like a “sheet of blurriness” coming down over his field of
vision. The episode lasted 15 minutes and was followed by spontane-
ous complete recovery. The patient did not report any prodromal or
postictal symptoms.
Upon his admission, the patient had a noncontrast computed
tomography (CT) scan of the head that was unremarkable. An
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884ultrasound scan of the left carotid bifurcation (Fig 1, A) demon-
strated a heterogenous plaque involving most of the internal
carotid artery bulb and containing a superficial echolucent area,
immediately subjacent to the lumen. A magnetic resonance imag-
ing (MRI) scan was subsequently ordered; it was obtained
24 hours after the symptom onset and included a three-dimen-
sional gadolinium-enhanced MRA of the cervical carotid arteries.
The MRA consisted of two separate data acquisitions (three-
dimensional spoiled gradient recalled; repetition time, 3.3 mil-
liseconds; echo time, 1.26 milliseconds; flip angle, 30°; slice thick-
ness, 1.5 mm; field of view, 34 cm; matrix, 512 291). The first was
performed before contrast administration, and the second was trig-
gered after the injection of a bolus of 20 mL of gadopentate meglu-
mine according to a bolus-tracking approach. The data collected
during the first precontrast acquisition was used as a mask and sub-
tracted from the second postcontrast acquisition. MIPs were finally
obtained in different projections from the subtracted images.
The MIPs derived from the gadolinium-enhanced MRA
(Fig 1, B) source images showed only a severe stenosis of the
proximal left internal carotid artery immediately after the bifurca-
tion. However, the precontrast source images demonstrated a focal
increased T1 signal in the medial wall of the proximal left internal
carotid artery. The same focal increased signal was present on the
postcontrast images. Because the increased T1 signal remained
unchanged on the precontrast and postcontrast images, it was
completely subtracted and did not show up on the MIPs.
The increased signal in the carotid wall was thought to corre-
spond to the echolucent area on carotid ultrasonography and to
represent methemoglobin, as part of either intraplaque hemor-
rhage or thrombosed ulceration within a carotid atherosclerotic
plaque. The patient underwent left carotid endarterectomy, which
confirmed the presence of an intraplaque hematoma within the
medial wall of the proximal left internal carotid artery.
Case 2. A 63-year-old man presented with a 1-week history of
successive episodes of lightheadedness, transient left monocular
blindness, right face numbness, and brief right arm tingling. The
al to
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or focal weakness.
The patient’s workup included an MRI of the brain, which
turned out to be negative for acute brain ischemia, and a
gadolinium-enhanced MRA of the neck, performed according
to an imaging protocol similar to the one described for patient
1. As in patient 1, the MIPs obtained from the gadolinium-
enhanced MRA (Fig 2) source images showed a severe stenosis
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rial hypertension, and hyperlipidemia was admitted to our institution
2 days after the onset of left face and arm weakness and slurred speech.
A noncontrast CT of the brain obtained on admission showed evi-
dence of an acute stroke in a right middle cerebral artery distribution.
Further workup included a gadolinium-enhanced MRA (Fig 3).
Again, as in the first two patients, the MIPs showed only a severe
stenosis, this time located at the level of the proximal right internal
carotid artery, immediately distal to the bifurcation. The precontrast
source images demonstrated a focal increased T1 signal in the medial
wall of the proximal right internal carotid artery. The same focal
increased signal was present on the postcontrast images. Because the
increased T1 signal remained unchanged on the precontrast and
postcontrast images, it was not apparent on either the subtraction
images or on the MIPs. This patient was successfully treated with
stenting.
DISCUSSION
Carotid atherosclerotic disease is a leading cause of
morbidity and mortality in industrialized countries. In-
creasing evidence suggests that major mechanisms for ca-
rotid atherosclerotic plaque progression include thrombo-
sis, plaque ulceration, or intraplaque hemorrhage. The
association between intraplaque hemorrhage and clinical
symptoms is still debated.5 However, intraplaque hemor-
rhages seem to be more common in plaques of symptom-
atic patients than in plaques of asymptomatic patients.6,7
The true incidence of complicated plaques, however,
remains underestimated, because their in vivo diagnosis
is challenging. Indeed, CT can detect plaques and assess
carotid stenoses, but it is not reliable in the depiction of
intraplaque hemorrhages or ulcerations.6,7 MRI has
been reported as able to detect intraplaque hemorrhage
with good accuracy, in particular by using a dedicated
T1-weighted magnetization-prepared three-dimen-
sional gradient echo sequence.8 The stages of hemor-
Fig 3. A 77-year-old man was admitted with an acute st
first two cases, the precontrast source images demonstrate
right internal carotid artery. The same focal increased
increased T1 signal remained unchanged on the precontr
subtraction images or on the maximal intensity projectiorhage, as described for brain hemorrhage, have also beenreported to be accurate for intraplaque hemorrhage: a
prominent feature is the intrinsic T1 shortening related
to methemoglobin.6
Black-blood T1-weighted imaging of the carotid wall is
rarely part of the routine evaluation of acute stroke patients
because it is time consuming and requires dedicated carotid
coils. However, T1 information is contained in the source
partitions of the gadolinium-enhanced MRA, which is fre-
quently obtained in stroke patients, typically by using a
three-dimensional spoiled gradient recalled technique.
This is well demonstrated in the three patients in our series,
in whom T1 shortening from methemoglobin could be
clearly identified in the wall of the internal carotid arteries
on the source partitions.
These cases illustrate how important information can
be missed on postprocessed images, such as on the MIPs,
especially when they use a mask image. MIP is a volume-
rendering technique that is used to visualize high-intensity
structures within volumetric data. At each pixel of the
end-result MIP, the highest data value encountered along a
corresponding viewing ray is displayed.1,2 To further en-
hance the angiographic appearance, subtraction of a mask
image is used to remove residual high-intensity signal from
soft tissue (typically from subcutaneous fat or from tissue
that is close to the receiver coils). As mentioned previously,
MIPs afford synthetic information that is very much appre-
ciated in the interpretation of MRA. However, MIPs have
been reported to overlook dissection flaps, intraluminal
filling defects such as emboli, and some complex steno-
ses.3,4
The three cases reported in this article illustrate another
pitfall in the interpretation of the MIPs derived from sub-
tracted images of a gadolinium-enhanced MRA: whereas
MIPs demonstrate only a carotid artery narrowing, the
source partitions may reveal an underlying complicated
plaque that suggests a relative acuteness of the narrowing,
in the right middle cerebral artery distribution. As in the
cal increased T1 signal in the medial wall of the proximal
l was present on the postcontrast images. Because the
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because the patients were symptomatic and the degree of
stenosis was more than 75%, the presence of intraplaque
hemorrhage or thrombosed ulceration did not significantly
affect the treatment decision. However, our experience and
prior reports9 show that, in cases of borderline stenosis
severity (near 50% in symptomatic patients and near 75%
diameter reduction in asymptomatic patients), the presence
of intraplaque hemorrhage or thrombosed ulceration
should tip the balance toward an aggressive approach—
either stenting or carotid endarterectomy. Future studies
are needed to investigate whether magnetic resonance as-
sessment of plaque characteristics is relevant in the selection
of the treatment modality (stenting vs endarterectomy).
Time-of-flight MRA is extensively used in the evalua-
tion of intracranial and extracranial vessels. Source images
are usually reviewed to confirm the stenoses depicted on
the MIPs and to accurately determine the degree of steno-
sis. Review of time-of-flight MRA source images is facili-
tated by the fact that they are obtained in the axial plane,
perpendicular to the course of the carotid and vertebral
arteries. However, review of the gadolinium-enhanced
MRA source images is complicated by their acquisition in a
coronal plane, which is less familiar for physicians. Never-
theless, the postcontrast source images of the gadolinium-
enhanced MRA are reviewed, but again usually with a focus
on the lumen and the degree of stenosis. In this article, we
want to stress the importance of evaluating not only the
lumen, but also the wall of the vessels, and assessing the
vascular wall characteristics not only on the postcontrast
images, but also on the precontrast source images used as a
mask for the gadolinium-enhanced MRA. These can carry
important additional information, for instance, related toan acute plaque complication, potentially relevant in the
diagnostic workup and treatment of an acute stroke patient.
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